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Estimation of Variances Due to Direct and Maternal Effects for
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J. P. Eler*,3, L. D. Van Vleck†, J.B.S. Ferraz*, and R. B. Lôbo‡
*Department of Animal Science, University of Nebraska, Lincoln 68583-0908;
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ABSTRACT: Estimates of (co)variance components
and genetic parameters were obtained for birth,
205-d, and 365-d weight for Nelore cattle in Brazil,
using single and multiple-trait animal models. Data
were from the Brazilian Zebu Breeders Association
(ABCZ). Records of 27,549 calves sired by 587 bulls
and raised on pasture in 57 herds were analyzed by
restricted maximum likelihood fitting an animal
model including direct and maternal genetic and
permanent environmental effects. Single and multiple-trait analyses were carried out. Heritability estimates for direct effects were lower than previous
values reported for the Nelore breed. The estimates for

maternal genetic effects showed that the contribution
of this component to the phenotypic variance of birth
and weaning weight is not very high but is still
present at yearling weight. Correlations between
direct and maternal additive genetic effects were
negative for all traits analyzed except for yearling
weight in the single-trait analysis where the sign was
positive but the magnitude was small (+.09). Genetic
correlations between weaning and yearling weights
were .74 (direct effect) and .84 (maternal effect).
Permanent environmental and residual correlations
among traits were also obtained.
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Introduction
The Nelore breed accounts for 70% of the registered
zebu ( Bos indicus) cattle in Brazil. The breed exhibits
large differences in growth potential among regions
and even large differences between the two distinct
production systems (bull breeding and commercial
herds). This variability represents potential for
genetic improvement for growth. The main features of
the breed are its adaptability to tropical conditions
and high fertility.
Although maintaining reproductive efficiency in the
herd should be of particular concern, increasing
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growth potential is very important to meat output
from the production system. Planning appropriate
breeding programs requires knowledge of genetic
parameters and, for early growth traits of beef cattle,
the joint effect of genes for growth potential and for
maternal ability (Koch, 1972; Baker, 1980).
Based on the procedure presented by Willham
(1963, 1972), Eler et al. (1989, 1992) obtained
estimates of variance components and genetic
parameters for Nelore cattle in Brazil. They found
negative genetic correlations between direct and
maternal additive genetic effects for growth traits
until yearling weight. If such an antagonism exists,
both direct and maternal components should be taken
into account to achieve optimum genetic progress (see
Baker, 1980 and Robison, 1981 for reviews). Van
Vleck (1970) developed a selection index to account
for these two components.
The negative estimates of genetic correlations for
the Nelore population reported in previous studies
needs further study. According to Foulley and Lefort
(1978), procedures such as presented by Willham
(1963) combine information in a non-optimal way,
mainly because they ignore the fact that the same
animal may contribute to several covariances.
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Conversely, maximum likelihood procedures are
known to combine information in an optimal way
(Harville, 1977), and restricted maximum likelihood
(Patterson and Thompson, 1978) has become the
method of choice to estimate variance components
from field data (e.g., Boldman and Van Vleck, 1991;
Meyer, 1992).
Increased computing power has recently allowed
the use of restricted maximum likelihood (REML)
with animal models to estimate variance components
(e.g. Meyer, 1989; Boldman et al., 1991, 1993). The
objective of this study was to estimate variance and
covariance components due to direct and maternal
genetic effects and permanent environmental effects
for growth traits using REML procedures under single
and multiple-trait animal models with data from
Nelore cattle raised on pasture in the State of São
Paulo, Brazil.

Materials and Methods
Data were obtained from the Brazilian Zebu
Breeders Association ( ABCZ) . Records of 27,549
calves sired by 587 bulls and raised in 57 herds were
analyzed. Three traits were considered: birth ( BWT) ,
weaning ( WW) , and yearling ( YW) weights. The
calves were born from 1975 to 1984.
For birth and weaning weights the number of males
and females were approximately the same. For
yearling weight the total number of records was
reduced to 16,747 and about 60% were females. The
records were adjusted for the age of calf, according to a
linear function, as described by Lasley (1978).
For single-trait analyses the complete data set was
used but for the multiple-trait analysis the data were
split into four samples to make the analysis computationally possible. A description of the samples is
presented in Table 1. Averages of the four sets of
estimates were assumed to represent variance components for the complete data set. Yerex (1988) has
shown with simulation that simple averaging of
REML estimates when samples are similar gives
essentially the same result as the more difficult
method of weighing by inverses of sampling variances.

M is the matrix that associates m with y; p is the
vector of permanent environmental plus nonadditive
genetic effects contributed by dams to records of their
progeny, W is the matrix that associates p with y; and
e is the vector of residual effects, peculiar to observations, that are not explained by other parts of the
model.
For this model:
E[y] = Xb
As2g
g 
m
Var
= Asgm
p
0
e 
0

y1
y2
y3

X1 0 0  b1
0 X2 0
b2
0 0 X3 b3

  



=

Z1 0 0  g1
0 Z2 0
g2
0 0 Z3 g3

  
+

 

M1 0 0  m1 W1 0 0  p1
0 M2 0
m2 0 W2 0
p2
0 0 M3 m3 0 0 W3 p3



 

+

e1
e2
e3

   
+

where the subscripts 1, 2, and 3 represent birth,
weaning, and yearling weights, respectively. As before, for this model,

E

y1
y2
y3

X1 0 0  b1
0 X2 0
b2
0
0
X

3 b3

  
=

 

and the variance-covariance matrix for genetic effects
is G = G0 ⊗ A where

The single-trait animal model for this analysis can
be represented as follows:
G0
where y is a N × 1 vector of records, b denotes the
vector of fixed effects (herd-year-season, sex, dam age
class), X is the matrix that associates b with y; g is
the vector of breeding values for direct genetic effects,
Z is the matrix that associates g with y; m is the
vector of breeding values for maternal genetic effects,

0 
0
0
INs2e 

where c is number of cows and N is number of records,
A is the numerator relationship matrix and the I are
identity matrices of appropriate order. In setting up
the mixed-model equations (Henderson, 1973, 1975)
Z, M, and A are augmented to include animals
without records that contribute to relationships.
For the three traits used for a combined analysis,
the multiple-trait animal model can be represented as
follows:

The Models

y = Xb + Zg + Mm + Wp + e





Asgm 0
As2m 0
Ics2p
0
0
0



s2g1
sg12
= sg13
sgm1
0
0

sg12 sg13 sgm1
s2g2 sg23 0
0
sg23 s2g3
s2m1
0
0
sm12
sgm2 0
sgm3 sm13
0

0
sgm2
0
sm12



0

0
sgm3
sm13
sm23

s2m2
sm23 s2m3 

As shown in G0, the genetic effect for one trait and
genetic maternal effect for any other trait was
assumed to be uncorrelated in order to decrease
computing time for the other 27 components. The
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Table 1. Characteristics of the samples for multivariate
BWT, kg
Samples

Recordsb

4

6,780
(4,831)
6,911
(4,044)
7,170
(4,486)
6,688
(3,386)

Total

27,549
(16,747)

1
2
3

analysesa

WW, kg

YW, kg

Herds

Sires

Avg

SD

CV

Avg

SD

CV

Avg

SD

CV

14

205

29.4

3.2

10.9

155.7

23.5

15.1

215.5

43.6

20.2

15

211

28.5

2.4

8.3

151.8

24.3

16.0

205.8

35.1

17.0

14

210

28.9

2.1

7.2

157.2

23.6

15.0

213.5

35.8

16.8

14

194

28.6

2.2

7.7

154.4

25.6

16.4

212.5

38.5

18.1

57

587

28.8

2.5

8.6

155.0

24.3

15.7

212.0

38.8

18.3

aBWT = birth weight, WW = weaning weight, YW = yearling weight.
bNumbers within parentheses refer to number of records analyzed for yearling weight.

variance-covariance matrix for permanent environmental effects is as follows:
P = P0 ⊗ Ic
where

P0

s2p1 sp12 sp13
= sp12 s2p2 sp23
2
sp13 sp23 sp3 





The variance-covariance matrix for residual effects, R,
is block diagonal with each block one of seven residual
covariance matrices corresponding to which set of one,
two, or three traits is measured on each animal.

Estimation of Variance and
Covariance Components
Variance and covariance components were estimated by restricted maximum likelihood (REML)
using a derivative-free algorithm (Smith and Graser,
1986). The procedure is the same as that described by
Núñez-Dominguez et al. (1993). The multiple-trait
DFREML program was developed by Boldman et al.
(1991, 1993).

RESULTS AND DISCUSSION
Genetic Parameters
Estimates of (co)variance components and genetic
parameters for birth, weaning and yearling weights
are shown in Tables 2 (single-trait) and 3 (multipletrait analysis). The values presented as multiple-trait
estimates in Table 3 are averages of variance component estimates for multiple-trait analyses of the four
samples. ”Empirical” standard errors, as presented by
Dimov et al. (1995), were computed from the sample
estimates.

For the three traits analyzed, the estimates of
heritability for additive genetic effects ( h 2g) in both
single-trait and multiple-trait analyses were smaller
than previous values reported in the literature for the
Nelore breed from different states in Brazil
(Figueiredo et al., 1978; Milagres et al., 1985; Nobre
et al., 1985; Rosa et al., 1986). The previous estimates
used a nested model with sires nested within herds,
ignoring maternal effects. Meyer (1992) showed that
models not accounting for maternal effects could yield
substantially higher estimates of additive direct
genetic variance and, therefore, higher estimates of

Table 2. Estimates of variance components (kg2) and
genetic parameters from univariate analysis of birth
weight (BWT), weaning weight (WW),
and yearling weight (YW)
Item
Variance componentsa
s2g
s2m
sgm
s2p
s2e
s2t
Genetic parametersb
h2g
h2m
rgm
h2t
c2
e2

BWT

WW

YW

.92
.5
−.49
.3
3.01
4.23

47.37
46.38
−15.07
48.85
227.53
355.06

121.28
75.45
8.18
14.39
550.49
769.79

.22
.12
−.72
.1
.07
.71

.13
.13
−.32
.14
.14
.64

.16
.10
.09
.22
.02
.72

as2 = direct additive genetic variance, s2 = maternal additive
g
m
genetic variance, sgm = covariance between direct additive and
2
maternal additive genetic effects, s p = permanent environmental
variance, s2e = environmental variance, and s2t = phenotypic variance.
bh2 = direct additive heritability, h2
g
m = maternal additive
heritability, rgm = genetic correlation between direct additive and
maternal additive effects, h2t = total heritability, c2 = fraction of
variance due to permanent environmental effects, and e2 = fraction
of variance due to temporary environmental effects.
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Table 3. Average (Avg) estimates ± empirical standard error (SE) of variance
components (kg2) and genetic parameters from multivariate analyses of birth
weight (BWT), weaning weight (WW), and yearling weight (YW)
Item

BWT

WW

Variance componentsa
s2g
s2m
sgm
s2p
s2e
s2t

1.08
.29
−.17
.12
2.87
4.18

± .35
± .12
± .09
± .08
± 1.32
± 1.88

Genetic parametersb
h2g
h2m
rgm
h2t
c2
e2

.29
.08
−.38
.23
.03
.68

±
±
±
±
±
±

.04
.04
.16
.02
.01
.02

49.85
60.06
−5.89
18.48
232.54
355.04
.14
.17
−.13
.20
.05
.66

YW

± 9.92
± 8.26
± 2.55
± 7.47
± 12.85
± 13.93
±
±
±
±
±
±

.02
.03
.07
.04
.02
.04

128.14
83.58
−21.38
22.96
549.00
766.78

±
±
±
±
±
±

13.44
26.31
14.58
15.47
69.02
58.79

.17
.12
−.17
.18
.04
.71

±
±
±
±
±
±

.03
.04
.09
.02
.04
.04

as2 = direct additive genetic variance, s2 = maternal additive genetic variance, s
g
m
gm = covariance
between direct additive and maternal additive genetic effects, s2p = permanent environmental variance,
s2e = environmental variance, and s2t = phenotypic variance.
bh2 = direct additive heritability, h2 = maternal additive heritability, r
g
m
gm = genetic correlation
between direct additive and maternal additive effects, h2t = total heritability, c2 = fraction of variance due
to permanent environmental effects, and e2 = fraction of variance due to temporary environmental effects.

h2g. For models with sires nested within herds, the
sire variance component also could be inflated by a
sire × herd interaction (Tess et al., 1979). These
reasons may explain, at least in part, the higher
estimates of h2g previously reported for the Nelore
breed. On the other hand, the average estimates for
beef cattle ( Bos taurus) summarized by Meyer (1992)
are higher (.37, .25 and .27) than those estimated in
this study for birth, weaning and yearling weights,
respectively.
The contribution of maternal effects to the phenotypic variance ( h 2m) is relatively high in all traits.
For birth weight, the single-trait estimate (.12) and,
for weaning and yearling weights, the multiple-trait
estimates (.17 and .12), agree with previous reports
by Eler et al. (1989), who analyzed the same data by
the method proposed by Willham (1963). The averages of estimates summarized by Meyer (1992) are
.16 (BWT), .19 (WW), and .07 (YW). High estimates
of h2m for yearling weight were unexpected because at
this age the calves do not depend on their mother and
the weight should reflect only the direct effect of the
genes on growth except for carry over maternal effects
from before weaning. Similar results, however, were
found by Mackinnon et al. (1991) for Zebu crosses in
Australia. For animals raised on pasture without any
supplementary feeding, the length of time from
weaning to yearling is probably not enough that
compensatory gain could buffer completely the maternal effect existing at weaning. This point is of
particular concern if selection is based on yearling
weight. In order to clarify whether maternal effects
are strictly carry-over effects, analysis on postweaning
average daily gain (ADG) was performed. Heritability

of both direct and maternal effects for ADG was lower
than that for YW. However, for maternal effect the
decrease was more accentuated. In the single-trait
analysis h2m dropped from .10 for YW to .03 for
postweaning ADG, and in the multiple-trait analysis
it dropped from .12 for YW to .08 for ADG. It seems
that maternal effect is indeed small for postweaning
ADG, although in multiple-trait analysis the genetic
correlation with preweaning ADG makes it a little
higher.
The correlation between direct and maternal effects
( r gm) was negative for birth and weaning weights,
and the magnitude was less in the multiple-trait
analysis. For yearling weight the sign for the estimates was different for single-trait (+.09) and multiple-trait ( −.17) analyses. For this trait the number of
records was approximately 50% less because farmers
cull a number of calves at weaning, mainly males.
This procedure may be selective. In other words,
animals with low performance at weaning may not be
weighed at yearling age. The multiple-trait analysis
includes records on which any culling was based and
so should account for selection on the correlated traits
of birth and weaning weights on the estimation of
variance components for yearling weight. In both
analyses, however, the magnitude of the correlation
( r gm) is small and probably not very important from a
biological point of view.
For birth and weaning weight, total heritability
( h 2t) estimated from multiple-trait analysis was
higher than from single-trait analysis due to the lower
magnitude of the negative covariance between direct
and maternal effects ( sgm) obtained from multipletrait analysis. For yearling weight, due to the negative
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estimate of sgm only from the multiple-trait analysis,
the value of h2t in the multiple-trait was less than
from the single-trait analysis.

to the phenotypic variance
72%.

( e 2)

ranged from 64 to

Permanent Environmental and Residual Variances

Genetic and Environmental Correlations
Among Traits

The permanent environmental effect is coded as an
effect of the dam (e.g., possibly due to uterine
capacity, feeding level in late gestation, and maternal
behavior). Table 3 shows that the ratio of the
permanent environmental variance to the phenotypic
variance ( c 2) estimated for birth weight ranged from
3% (multiple-trait) to 7% (single-trait). For weaning
weight the estimated ratios were 5% (multiple-trait)
to 14% (single-trait), and for yearling weight the
range was from 4% (multiple-trait) to 2% (singletrait).
The postnatal permanent environmental effects in
beef cattle are due to incidents that affect all records
of progeny of the same cow. These effects could be due
to a high level of feeding of heifers, leading to fat
deposition into the udder glands (Johnson and
Morant, 1984) or, as is most likely in tropical areas,
related to sequels of some disease. Accidents to the
udder may also create permanent differences among
cows. In these cases the expression of differences
among cows would be in terms of milk output. From
weaning until yearling age the calves do not depend
on the cow’s milk production, and the estimate of c2 for
yearling weight is probably due to effects on weaning
weight. Estimates of c2 for all the traits were well
within the range of the literature estimates for beef
cattle as summarized by Meyer (1992).
The residual variance estimates were large and
similar for the three traits in both analyses. The ratio

Estimates of genetic, phenotypic, and residual
correlations among traits are shown in Table 4 and
are means of the estimates for individual samples
from which the “empirical” standard errors were
computed. The additive direct and also the maternal
genetic correlations between weaning and yearling
weights were high, indicating that selection for one
trait should result in genetic improvement in the other
trait. The same correlations when involving birth
weight were low. The same pattern was observed for
phenotypic, permanent environmental, and residual
correlations among traits. The estimates agree with
previous estimates using Nelore data collected by the
breed association (Milagres et al., 1985; Eler et al.,
1989). This would mean that selection for weaning or
yearling weights would not quickly result in increased
birth weight. However, results from the literature
summarized by Mohiuddin (1993) indicate that our
estimates are lower than usual for Bos taurus, or even
for Bos indicus. This subject deserves more investigation, and analyzing Nelore data from outside the breed
association would be recommended.
Because the genetic and environmental correlations
between weaning and yearling weight were not close
to unity, it is not possible to conclude that the
maternal effects on yearling weight are only a “carryover” of those effects, as suggested by Meyer et al.
(1993) for beef cattle in Australia.

Table 4. Average covariances (above diagonal) and correlations (below diagonal) ± empirical standard errors
for birth weight (BWT), weaning weight (WW), and yearling weight (YW) from multivariate analyses
Trait

BWT

WW

YW

Direct additive genetic effects
BWT
WW
YW

—
.23 ± .13
.16 ± .06

1.60 ± .95
—
.74 ± .05

2.22 ±
58.30 ±
—

1.32
6.89

Maternal additive genetic effects
BWT
WW
YW

—
.21 ± .15
.18 ± .10

.62 ± .52
—
.84 ± .07

.64 ±
56.48 ±
—

.47
8.07

Maternal permanent environmental effects
BWT
WW
YW

—
.27 ± .21
.45 ± .25

.37 ± .31
—
.80 ± .17

.43 ±
.24
17.56 ± 11.21
—

Residual effects
BWT
WW
YW

—
.14 ± .03
.12 ± .03

3.79 ± 1.60
—
.64 ± .01

5.29 ± 2.54
230.19 ± 19.35
—

Phenotypic effect
BWT
WW
YW

—
.15 ± .05
.14 ± .04

6.32 ± 3.22
—
.70 ± .01

8.58 ±
362.53 ±
—

4.58
7.65
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Implications
The low heritability estimates for direct genetic
effects ( h 2g) suggest that progeny tests should be
used in this population to increase genetic improvement. Due to the high contribution of maternal effects
to the phenotypic variance of yearling weight, those
effects should be taken into account in genetic
evaluations for yearling weight. Because the genetic
correlations between direct and maternal effects are
negative for all traits analyzed, methods of selection
accounting for both direct and maternal effects would
result in greater economic response to long-term
selection than selection based only on direct genetic
effects.
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